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ABSTRACT 
This work presents an experimental approach to study the refrigerant flow through capillary tube-suction line heat 
exchangers. Lateral heat exchanger performance with refrigerant HFC-134a was experimentally evaluated for a 
range of heat exchanger assemblies and operating conditions typically found in household refrigerators and freezers. 
Based on the resulting performance data base, the influence of both the operating conditions and heat exchanger 
geometry on the refrigerant flow were examined. It was also shown that the experimental data base is in close 
agreement with the predictions of a numerical model available in the literature. 
INTRODUCTION 
Virtually, every household refrigerator employs a capillary tube as the expansion device. In this application the 
capillary tube is usually placed in contact with the suction line, forming a counterflow heat exchanger. The heat 
exchanger may be of two kinds: lateral and concentric. The capillary tube is soldered to the suction line in the lateral 
configuration whereas it is placed inside the suction line in the concentric configuration. The work effort reported 
herein focuses only on the lateral arrangement. 
During the expansion process heat is transferred from the capillary tube to the suction line. As a consequence 
the flashing point is delayed and this in turn reduces the refrigerant quality at the inlet of the evaporator and therefore 
increases the refrigerating capacity. The suction line exit temperature also increases, eliminating suction line 
sweating and preventing slugging of the compressor. 
The contact between the capillary tube and the suction line does not occur along the entire length of the 
capillary tube. This creates one region upstream and other downstream of the heat exchanger region, where the 
capillary tube may be considered as adiabatic. The· flashing point may occur in any of the three regions of the 
capillary tube. 
Historically capillary tube-suction line heat exchangers have been designed based on empirical approaches, such 
as the cut-and-try process and the ASHRAE design charts [I]. The ASHRAE design procedure is very limited 
because i) it is specifically applicable to CFC-12 and HCFC-22, ii) it does not take into account the relative position 
between the heat exchanger and the capillary tube, iii) it assumes that the flashing occurs always downstream of the 
heat exchanger and iv) it does not distinguish the two kinds of heat exchangers. By understanding that the proper 
selection of such a expansion device is an important factor in refrigerating design, many researchers have developed 
simulation models for predicting heat exchanger performance [2-4]. 
In this investigation six different capillary tube-suction line heat exchangers were instrumented for measuring 
the distribution of the suction line fluid temperature and capillary tube wall temperature, and the refrigerant mass 
flow rate under several operating conditions. Observations of the collected data base [5] (exceeding 100 sets) 
contributed to a better understanding of this very complex expansion process. The experimental data were also used 
to validate a computer model available in the open literature [3]. 
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EXPERIMENTAL APPARATUS 
The experimental set-up shown in Figure 1 was originally developed by Gon~alves [6] and posteriorly modified 




Figure 1 - Experimental apparatus 
The test facility consists of two hennetic reciprocating compressors (COMPl, COMP2), a water cooled 
condenser (COND), one evaporator (EVAP2), and four expansion devices (TCI, TCNI, VPl, VP2). The first of the 
expansion devices, TCI is the capillary tube being tested, whereas TCNI is an uninstrumented capillary tube and is 
used only when the test section is under maintenance. The other two valves (VPl and VP2), bypass the desired 
amount of refrigerant to control the evaporating pressure. The pressure in the condenser is established by the water 
flow which is controlled by a pressure regulating valve (VPC). A subcooler (SUB) and an electric heater (AETC) are 
used to fme tune the refrigerant temperature at the capillary tube inlet. The heater power level is set automatically by 
a PID controller. Two oil separators (SOl, S02) and an oil filter (FO) are placed between the compressor and the 
condenser. The refrigerant/water glycol heat exchanger (EVAPl), the needle valve (VG) and the mixer (MS) are 
used to establish the refrigerant temperature at the inlet of the suction line. The temperature of the water-glycol 
supplied to the heat exchanger is controlled by a constant temperature circulating bath (BT). 
TEST SECTION 
With the exception of the mass flow rate, all the operational parameters were measured in the test section 
schematically shown in Figure 2. The pressure (P) and temperature (T) measuring points and the main geometrical 
parameters of the capillary tube-suction line heat exchanger (length of the capillary tube (Z), length of the heat 
exchanger (Z10), inlet length (Z.), inner diameter of the capillary tube (d;.J and the inner diameter of the suction line 
(D;.J) are all indicated in Figure 2. 
The mass flow rate of the refrigerant was measured by a Coriolis type mass flow meter (FLUX), with an 
uncertainty of± 0.03 kg/h. Strain gauge pressure transducers were used to measure the absolute pressures, with an 
uncertainty of± 0.02 bar. The temperatures were measured by T-type thermocouples, 0.13 mm in diameter, with an 




Figure 2 - Test section 
Thermocouples were also placed along the length of the capillary tube to determine the wall temperature distribution. 
The thermocouples were attached to the outside surface of the capillary tube with silver tape and thermal paste. Heat 
losses from the thermocouples were minimized by rolling them around the tube. Thermocouple wells like the ones 
used for the capillary tube inlet and outlet temperature measurements were also used for measuring the fluid 
temperature distribution along the suction line. The output signals from the transducers, thermocouples and flow 
meter were recorded through a computerized data acquisition system. Heat losses to the surroundings were 
minimized by insulating the test section with 30 em of glass wool. 
EXPERIMENTAL RESULTS 
The geometry of the heat exchangers were measured with great care [7] and are given in Table 1. The capillary 
tube internal diameter deserved a special attention being evaluated with a maximum uncertainty of ±0.02 mm. Due to 
the strong influence of this parameter on the refrigerant flow the results of any study based on the nominal inner 
diameter are to be used with caution. Refrigerant HFC-134a was used in the capillary tube for all experiments. 
Table 1- Geometry of the heat exchangers 
Analysis of the temperature profiles 
Figure 3 shows the capillary tube wall and suction line fluid temperature profiles for heat exchanger#3 under the 
following operating conditions: Condensing pressure = 14.0 bar, subcooling = 10.0°C, evaporating temperature = 
-22.7°C, suction line inlet temperature= -10.8°C, mass flow rate= 7..20 kg/h. The inlet (I), heat exchanger (II) and 
outlet (Ill) regions are also indicated in Figure 3. 
The difference between the capillary tube fluid and wall temperatures was neglected because of the high 
convective heat transfer coefficient on the capillary side. Additional experiments revealed that the capillary tube wall 
temperature is also the suction line wall temperature in the heat exchanger region. This fmding is in line with one of 
the assumptions of the CAPHEAT program [3]. 
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Figure 3 - Heat exchanger temperature profiles 
4.0 4.5 
The capillary tube fluid 
temperature remains almost constant 
along the region I (adiabatic). The 
observed dip in wall temperature 
between points 5 and 6 is the result of 
a conduction heat transfer between the 
capillary (warm) and the suction line 
(cold) walls. Therefore the capillary 
wall temperature is not a good 
indication of the fluid temperature in 
this specific position. The refrigerant 
in the capillary remains as liquid along 
the heat exchanger region. The 
observed temperature drop in this 
region is the result of a heat transfer to 
the suction line. At the limit between 
regions II and III the capillary wall 
temperature is also not a good 
indication of the fluid temperature. At this specific position the temperature difference between the capillary and 
suction line walls reaches its maximum value. This leads to a considerable conduction heat transfer between these 
walls, decreasing the capillary wall temperature (point 20). After this point this effect gradually vanishes, and the 
temperature remains constant until the inception of vaporization at the very end of the capillary tube (point 30). 
The difference between the two temperature profiles shown in Figure 3 is the suction line film temperature drop. 
As this film temperature drop increases along the length of the heat exchanger the heat transfer to the suction line 
also increases. In the heat exchanger region the suction line fluid temperature gradient is greater than the capillary 
tube fluid temperature gradient because of its smaller specific heat. Similar analyses were also performed by Pate and 
Tree [8]. 
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Figure 4 - Effect of the inlet pressure on the temperature profiles 
440 
4.5 
Figure 4 illustrates the heat 
exchanger #4 temperature profiles 
for two different condensing 
pressures (9 and 14 bar) and for the 
following additional operating 
conditions: Subcooling = 9.8°C, 
evaporating tempemture = -22.9°C, 
suction line inlet temperature = 
-1.0°C. It can be observed that the 
shape of the temperature profiles is 
pmctically not affected by the 
condensing pressure. In both cases 
the refrigerant remains as liquid 
almost along the entire length of 
the capillary tube. The flash point 
location is also unaffected by the 
condensing pressure, but the mass 
flow rate increases from 1.93 kglh 
to 2.58 kglh when the condensing 
pressure increases from 9 to 14 bar. 
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Figure 5 ~Effect of the inner diameter ofthe capillary tube on the 
temperature profiles 










I heal exchanger ;JS 30.0- I I 
I I 
25.0-lo • • ... D D D 0 D DliiJn D 
I 
I 
20.0- •••• f q D : . • " D I Cl 
I 
• • 
I b. D 
15.0- I • I D I I 
I I b. 
• • D 10.0- I •.l I 
• •1 f~Htj I ~ • • 5.0- I i I :fJ 
' 
I 
0.0- I I I I 
I I ~ I I 
-5.0- I ; t, I 
• capnaytu:~e(Hl<#4) : I jc 
-10.0- heat exchanger 114: I 
• Su::tial im (1{)(#4) I I I 
-15.0- D ~llaytu:le(Hl<#S) : I I 
b. 9.J:1icn lin! (I{)( 115) : I 
-20.0 I I 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
Position [m] 
Figure 6- Influence of the relative position of the heat exchanger 
on the temperature profiles 
Comparisons with the CAPHEAT program 
4.5 
4.5 
Plots of the heat exchanger 
temperature profiles are given in 
Figure 5 for the heat exchangers #3 
and #4. The operating conditions for 
both configurations are the following: 
Condensing pressure 9.0 bar, 
subcooling 10.0°C, evaporating 
temperature = -22.9°C, suction line 
inlet temperature = -5.0°C. As can be 
seen the shape of the temperature 
profiles and the flashing point are 
almost not affected by the inner 
diameter variation. To the contrary the 
mass flow rate increases from 1.94 
kglh to 5.44 kglh when the inner 
diameter changes from 0.61 mm to 
0.83 mm. This once again reflects the 
importance of the inner diameter of the 
capillary tube on the current study. 
Plots of the capillary tube wall and 
suction line fluid temperatures are given 
in Figure 6 for the heat exchangers # 4 
and #5. The operating conditions for 
both heat exchangers are the following: 
Condensing pressure 9.0 bar, 
subcooling 10.0°C, evaporating 
temperature = -22.9°C, suction line inlet 
temperature= -5.0°C. As can be seen the 
capillary tube flow pattern is deeply 
affected by the inlet length of the heat 
exchanger, changing from a situation 
where almost only liquid flows through 
the capillary (heat exchanger #4) to a 
situation where the inception of 
vaporization occurs within the heat 
exchanger (heat exchanger #5). In 
despite of the flow pattern variation the 
mass flow rate only changes from 1.94 
kglh to 1. 77 kglh when the inlet length 
changes from 1.1 to 2.3 m. 
Plots of the measured temperature profiles versus the CAPHEAT program [3] corresponding predicted values 
are given in Figure #7 for the heat exchanger #1. The operating conditions are as follows: condensing pressure= 9.0 
bar, subcooling =IOSC, evaporating temperature= -17.6°C, suction line inlet temperature= -ll.I°C. As can be 
noted the agreement between the measured and predicted temperature profiles is reasonably good. The measured and 
predicted mass flow rates were 5.37 kglh and 5.84 kglh, respectively. A sample of the experimental data set 
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Table I - Sample of the experimental data set 
P;. flTsub Tevap T;. rilcxp 
[bar] [OC] [oC] [OC] [kg/h) 
14.0 10.1 -19.7 -7.3 7.24 
14.0 5.7 -19.9 -8.7 7.15 
9.0 5.8 -22.2 -14.6 5.38 
9.0 10.0 -21.6 -17.8 5.55 
14.0 7.9 -23.0 -8.2 7.09 
14.0 4.9 -22.7 -11.0 7.22 
9.0 10.1 -22.6 -13.5 5.52 
9.0 5.0 -23.2 -5.9 5.23 
14.0 10.1 -22.9 1.8 2.60 
14.0 7.5 -22.9 4.0 2.57 
9.0 10.1 -23.0 1.8 2.00 
9.0 5.5 -22.9 0.9 1.90 
9.0 7.8 -3.0 6.4 1.73 
9.0 4.8 -22.4 -13.5 1.91 
14.0 10.0 -22.5 -13.7 2.62 
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